Restriction fragment length polymorphism (RFLP) analysis of the mitochondrial DNA (mtDNA) D-loop region was used to compare the genetic diversity of 5 strains of red sea bream Pagrus major. Composite haplotypes, representing the information from 6 restriction endonucleases, were generated f or samples of 35-40 fish from each strain. The components of haplotypes in the cultured strains differed considerably from those of the natural population. This is remarkable from the point of view of haplotype specialization. The results of a chi-square randomization test, in which differences be tween the strains were very significant, also showed that the specializations of haplotype were accelerat ed. Haplotypes occurred at a rate of 0.11 to 0.29 in the cultured strains, and 0.33 in the natural popula tion. Haplotypic diversities were 0.34 to 0.84 in the cultured strains, and 0.86 in the natural population. The UPGMA clustering, based on pure mean nucleotide sequence divergence, differed entirely from the UPGMA clustering based on the allozyme genetic distance. For this reason, it is thought that RFLP analysis of the mtDNA D-loop region could sensitively detect the bottleneck effect caused by a decrease in the effective number of parents. The pure mean nucleotide sequence divergences between the cul tured strains were wider (17 times) and higher (29 times) than the values between the natural popula tion. Thus, RFLP analysis of the mtDNA D-loop region was thought to be a good method for monitor ing the genetic changes that occur during selective breeding.
During the past 10 years, the annual yield of red sea bream Pagrus major caught in the coastal waters of Japan was about 14,000 tons. In contrast, the yield of cultured red sea bream from Japan was about 72,000 tons in 1993.1) At present, almost all of the seedlings of red sea bream used for aquaculture are artificially produced in fish hatch eries. Recently, breeding has been focused on producing f ish with high growth rates. However, until recently, very f ew scientific studies2,3) have been performed to check for the genetic improvement of any traits in aquaculture. Taniguchi et al.4) has tried to evaluate the genetic divers ity in the qualitative traits (allozyme) and the quantitative traits (growth, survival rate, morphological traits etc.) of cultured red sea bream strains by using various genetic and breeding methods. There have been many recent improve ments in the methods of DNA analysis and we used some of these new methods to resolve the genetic substance of improved seedlings of red sea bream. Takagi et al . 5 ) has al ready reported on genetic variability (using DNA finger printing) in the same cultured strains of red sea bream that Taniguchi et al. 4 ) examined.
It is well known that mtDNA is only inherited through f emales.6) So, new results will be expected from mtDNA analysis. In this study we have used mtDNA D-loop analy sis to gain further informations on the genetic diversity of the same strains of cultured red sea bream. Further infor mation will avail to definitely distinguish the strain, be cause allozyme is not necessarily good as a genetic marker as to the monitoring of the genetic change by selective breeding.
Materials and Methods

Fishes Used
The strains of fishes used are the same as Taniguchi et al. 4 The haplotypic diversity in each sample, the mean nucleotide sequence divergences within and between haplo types of red sea bream samples, and the pure mean nucleo tide sequence divergence were calculated by the fragment method of Nei.9)In addition, the details of each method f or the calculation is described in the previous paper reported about RFLP analysis of the same region as this study in red sea bream from four locations of western Japan.7) In this paper, we reported that maximum value of d value (the base substitutions per restriction site between each mtDNA D-loop haplotype) was 0.0443, minimum value is 0.0027, and mean value is 0.0158. When d value is smaller than 0.05, the fragment method give the apprecia ble accurate estimation value of d.9) The distribution of haplotypes between samples was evaluated for homogenei ty using the chi-square randomization method (Monte Carlo Technique) of Roff and Bentzen,10)which allows for the incorporation of rare haplotypes. The composite haplotypes in the 5 strains of the cul tured red sea bream are compared with a sample from the natural population in Table 1 . The number of observed f ragments was 5 in Hae III, 3 in Hha I, 10 in Hinf I, 7 in MspI, 10 in TaqI, and 17 in RsaI, respectively. A total of eighteen mtDNA D-loop haplotypes were identified in the cultured strains. Fourteen of the 18 haplotypes were al ready reported in a previous paper,7) but the following 4 haplotypes were new: #2 (BAAAAB*3), #395 (BACABC*3), #962 (BADBAJ*3), and #963 (BABADJ*3).
The characteristics of haplotype distribution in the cul tured red sea bream are as follows. The frequencies of haplotype #3 and #961 of Strain 5, #258 and #962 of Strain 4, #770 of Strain 2, and #220 and #580 of Strain 2, 3, and 4 were higher than frequencies in the natural population, In contrast, #5 of Strain 2, 3, 4, and 5, and #194 of Strain 2, 4, and 5 were lower than frequencies in the natural popula tion.
The number of mtDNA D-loop haplotypes identified in each respective strain is as follows: 10 in Strain 1, 6 in Strain 2, 5 in Strain 3, 9 in Strain 4, 4 in Strain 5, and 16 in the natural population (Table 2) . Because the haplotype number generally depends on the sample size11) we calcu lated the haplotype number on the basis of sample size (Ta ble 2). The rates were 0.11 to 0.29 in the cultured strains, and 0.33 in the natural population.
Haplotypic diversity in each strain is shown in Table 2 , and ranged from 0.34 to 0.84 in the cultured strains, and 0.86 in the natural population.
Heterogeneity in Haplotype Components
Results of the chi-square randomization test between the 5 cultured strains and the natural population are shown in Table 3 . The differences between each pair of the 5 cultured strains were extremely significant (p<0.001). The differences between the natural population and the 4 cultured strains (except strain 1) were also extremely sig nificant (p<0.001), but the difference between natural population and Strain 1 was significant at a level of 0.01<p<0.05.
Nucleotide
Sequence Divergence
The percent mean nucleotide sequence divergence be tween and within strains, and the pure percent mean nucleotide sequence divergence between strains are shown in Table 4 . The range and average of the mean nucleotide sequence divergence (between the cultured strains) were 0.751-1.288% and 1.014%, respectively, while those wi thin the cultured strains were 0.623-1.211 % and 0.796%, respectively. The pure percent mean nucleotide sequence divergence between the 5 cultured strains were 0.064 0.596% in range and 0.259% in average.
The range and average of the mean nucleotide sequence divergence (between the cultured strains and the natural population) were 0.751-1.214% and 0.955%, respectively, *3 See Table 1 . while the average was only 0.820% within the natural population. The pure percent mean nucleotide sequence divergence between the cultured strains and the natural population was 0.002-0.384% in range and 0.156% in average. Thus, the pure mean nucleotide sequence diver gence between the cultured strains was, on average, 1.7 times the value between the cultured strains and the natur al population.
A dendrogram of the 5 cultured strains and the natural population based on the UPGMA clustering12) of the pure percent mean nucleotide sequence divergence is shown in Fig. 1 . Strain 5 was separated from the cluster of the natur al population and Strain 1, and Strain 3 at a level of 0.167%. Strain 2 and Strain 4 were separated from another cluster at a level of 0.370%. pure mean nucleotide sequence divergence % Fig. 1 . A dendrogram based on the percent pure mean nucleotide se quence divergence between pairs of the five cultured strains and one natural population (NP) of red sea bream.
Discussion
Differences and Specialization of Haplotype Distribution Distribution of haplotypes in the cultured strains differed considerably from distribution in the natural population. In contrast to this, Tabata and Mizuta7) report ed that differences among natural populations of red sea bream from 4 areas of western Japan are not so large, this being based on RFLP analysis of the mtDNA D-loop region. It is therefore remarkable, from the standpoint of haplotype specialization, that the dominant (#194) and sub dominant (#5, #3) haplotypes in the natural population were specifically listed as one of the different haplotypes, as mentioned previously. The results of chi-square ran domization test, in which the differences between the strains were significant, also revealed that haplotype specializations were accelerated.
Genetic Variability
Taniguchi et al. 4) reported in an allozyme study, which employed the same materials used in the present study, that decreases of genetic variability depend mainly on decreases of the proportion of polymorphic loci in Strains 1, 2, 3, and 5 but no decrease of heterozygosity was ob served. Takagi et al.5) reported in a DNA fingerprinting study, which employed the same materials used in the present study, that the mean values of bands sharing in dices (BSI) were high in Strains 2 and 3, fairly high in strains 1 and 5, and marginally high in Strain 4 when com pared with the natural population, but these DNA finger printing values were not always high when comparisons were made with the inbreeding strains of ayu Plecoglossus altivelis.13) These results suggest that an extreme increase in the degree of inbreeding did not occur in the selective breeding in 4 strains in the red sea bream.
Generally, the number of haplotypes occurring depends on the sample size.11) The rate of haplotype occurrence (number occurring/sample size) in the 4 natural popula tions (sample size 38-58) of red sea bream sampled in 1994 was 0.35 in average (over a range of 0.33-0.39).7) Consider ing that the rate of haplotype occurrence stabilizes in such a sample size, the rate of haplotype occurrence in the present study (performed at approx. the same sample size as that of natural population) was a little low in Strains 1 and 4 (2nd generations), and extremely low in Strains 2, 3 (7th generations) and 5 (4th generation). Thus, it seems as if the rate of decrease of haplotype occurrence depends on the generation number. In the allozyme data,4) however, the decreases in the proportion of polymorphic loci were also observed in Strain 1, as mentioned above. Thus, the assessment of Strain 1 differed from the present results. The dendrogram, based on the pure mean nucleotide se quence divergence, differed entirely from the dendrogram based on the allozyme genetic distance. In addition, the results of the BSI analysis5) agreed with the results of the al lozyme analysis in that the point that the origin of Strains 2 and 3 was similar. We believe that the dendrogram, ob tained from RFLP analysis of the mtDNA D-loop region, did not show objective relationships because this analysis was able to sensitively detect the bottleneck effect caused by a decrease in the effective number of parents . 2, 3) Otherwise, the pure mean nucleotide sequence diver gences between the cultured strains were wider in range and higher in average than the values between the cultured strains and the natural population. In addition, a compari son of the pure mean nucleotide sequence divergence values (0.000-0.032% in range and 0.009% in average) between the natural populations from 4 areas bordering western Japan,7) reveals that the values between the cultured strains are wider (17 times), in range, and higher (29 times), in average.
As mentioned above, RFLP analysis of the mtDNA D loop region was thought to be an excellent method of monitoring genetical changes involved in selective breed ing. This analysis is, of course, subject to the fact that mtDNA is only inherited through females.
